(Received for publication, August 5, 1957) Triton WR-1339, while not bacteriostatic for virulent tubercle bacilli in ~tro, has the ability to suppress tuberculosis in experimental animals (1) (2) (3) . The most striking effect on the host following the administration of triton appears to be a hyperlipemia (4) (5) (6) . Available evidence would indicate, however, that there is no correlation between therapeutic activity and the degree of lipemia produced (7) . In the course of studies in this laboratory on the effect of triton on guinea pig tissues, particularly monocytes obtained from paraffin oil-induced peritoneal exudates, certain findings led us to believe that the cellular surfaces were somehow altered by triton. This possibility seemed all the more reasonable since surface-active agents chemically similar to triton have the ability to protect human red cells against hemolysis by thermal shock, presumably by chemical alteration of the cell surface' (8) . The results of the experiments to be described show that triton increases the sensitivity of guinea pig red cells to hemolysis by thermal shock, and further, that it increases the resistance of guinea pig leucocytes to disruption by sonic vibration and lysis by acetone.
Materials and Methods
Surface-Active Agent--Triton WR-13391 was used throughout these studies. For injection, a 12.5 per cent solution was prepared in 0.16 M sodium chloride and sterilized in the autoclave. Treated animals were given triton in a dose of 300 mg./kg, of body weight. Control animals received an equal volume of saline. Injections were made subcutaneously in the groin.
Animals and D~t.--The guinea pigs used in this study were albino males weighing between 300 and 400 gln. They were fed daily a stock diet of commercial pellets supplemented with fresh cabbage.
Thermal Shock Tests.--The technique used for determining the effect of triton on hemolysis by thermal shock was adapted from that described by Lovelock and Rees (8) . Heparinized whole blood was collected by cardiac puncture, the cells were obtained by centrifugation, and 10 per cent cell suspensions were prepared in 0.16 M sodium chloride. Suitable aliquots of these suspensions were incubated for 1 hour in a 37°C. water bath with or without the addition of 1 Obtained from Winthrop Laboratories, New York. 43
EF~'ECT O~" TRITON. II triton. At the end of this time an equal volume of warm (37°C.) 2.4 M sodium chloride was added to each tube. They were allowed to stand at 37°C. for another 5 minutes and were then placed in an ice bath for 10 minutes. The chilled suspensions were then centrifuged and the optical density of the supernatant fluid was read in a Fisher eleetrophotometer at 525 m/~. In one experiment, the sensitivity of leucocytes from triton-treated guinea pigs to thermal shock was determined. The technique was essentially that employed in the hemolysis studies except that a 20 per cent cell suspension in saline was used and leucocyte counts were done before and after thermal shock. CeU counts were made with an AO Spencer hemacytometer. The results were recorded as the per cent of ceils destroyed.
Acetone Fragility Tests.--The sensitivity of leucocytes to lysis by acetone was determined by the method of Squler (9) . By this technique leucocyte counts made with standard acetic acid diluting fluid are compared with counts made in acetone-eosin diluting fluid. The results are expressed as the fragility index,
All cell counts were done with an AO Spencer hemacytometer.
Sonic Fragility Tests.--A 50 watt, 9 kc., Raytheon magnetostriction oscillator was used throughout, modified in order that relatively small volumes of material could be treated. For this purpose it was found convenient to place the samples in conical tip, polyethylene centrifuge tubes. Approximately 30 co. of water was placed in the vibrator cup and the centrifuge tubes were then immersed in the water such that the level of fluid inside the tubes was the same as the water level on the outside. The temperature of the effluent cooling water was maintained at approxinmtely 15°C. throughout the treatment period. Cell counts were made with an AO Spencer hemacytometer before and after sonic treatment and the results were recorded as the per cent of cells destroyed after a 30 to 90 second treatment.
Stogi~tical Analysis.--The significance of the differences between experimental and control values was calculated by the t test (10) .
RESULTS
An experiment was first done to learn whether triton has any effect on the sensitivity of guinea pig red ceils to hemolysis by thermal shock. The results of such studies would presumably indicate whether the red cell surface is altered chemically by exposure to the detergent (8).
Fresh heparinized heart blood was collected from normal guinea pigs and used for thermal shock tests as described above. To control tubes was added 0.5 cc. of 0.16 ~r sodium chloride; to experimental tubes was added 0.5 cc. of 0.16 M sodium chloride conmiuing triton such that the final concentrations were 0.07, 0.15, 0.31, 0.62, 1.25, 2.5, and 5.0 rag. per co. This type of experiment was repeated four times on as many different samples of guinea pig blood with essentially the same findings. The results of a typical study are presented in Table I . I t will be seen that in the entire range of concentrations used triton increased the sensitivity of the guinea pig red cells to hemolysis by thermal shock. I n contrast, h u m a n red cells have been found to be protected against hemolysis in the presence of detergents chemically similar to triton. This apparent species variation will be discussed later in this paper.
I n view of the findings of the preceding study it seemed of interest to deter- Five experimental animals were given three injections of triton at 3-day intervals. Five control animals were injected with an equal volume of saline. Blood was collected in the usual fashion 2 days after the last injection. The results of the thermal shock tests are shown in Table H .
In agreement with the findings of the previous study, wherein red cells were exposed to triton in vitro, the injection of guinea pigs with the detergent also increased the sensitivity of their red cells to hemolysis by thermal shock.
If, as the results of this experiment indicated, three injections of triton were capable of causing significant alteration in the guinea pig red cells, it appeared that it would be of value to know whether a single injection would have the same effect and, if so, whether the effect could be detected earlier than 48 hours. Also it seemed desirable to determine whether the injection of triton has any effect on the sensitivity of leucocytes to thermal shock. 
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For this purpose eight experimental and eight control ~nlma]s were injected with triton. 300 mg./kg., and saline respectively. Heparinized heart blood was collected 24 hours later. For the study of red cell hemolysis a refinement was added by including an extra tube which was completely hemolyzed by the addition of seven volumes of distilled water. Per cent hemolysis was then calculated as,
The sensitivity of leucocytes to thermal shock was determined by the technique described previously.
The results presented in Table I I I show that red cells collected from guinea pigs 24 hours after a single injection of triton are much more sensitive to hemolysis by thermal shock than are cells from control animals. In contrast, the sensitivity of leucocytes to destruction by thermal shock remained normal. Guinea pig No. Although the leucocytes appeared to remain unchanged after a single injection of triton, as determined by their sensitivity to thermal shock, it seemed possible that they might have been altered in a manner which would not be detected by this technique. In order to investigate this point, acetone fragility tests were done using the balance of the blood remaining from the preceding experiment. It will be seen from the results in Table IV that leucocytes collected from guinea pigs 24 hours after a single injection of triton are significantly more resistant to lysis by acetone than are cells from control animals.
In order to broaden these findings, a final series of studies was undertaken to determine the effect of exposure to triton, both in vitro and in vivo, on the sensitivity of guinea pig leucocytes to disruption by sonic vibration.
In a preliminary experiment eight guinea pigs were given two injections of triton 3 days apart and were bled in the usual fashion 3 days after the last injection. Six control animals which had received two injections of saline were bled at the same time. Sonic fragility tests were done as described previously using samples of heparinized whole blood diluted I: 7 with 0.16 M sodium chloride. The treatment period was 30 seconds. The sonic fragility of leucocytes from these animals is given in Table V .
With normal guinea pigs the per cent of leucocytes destroyed varied from 13.1 to 55.6, with a mean of 38.1. The values for triton-injected animals ranged from 4.4 to 31.2, with a mean of 19.9. The difference between means was found to be statistically significant.
The next study was designed to determine whether a single injection of Mean.
Sample No. triton is sutficient to produce a similar effect and, if so, how soon after injection it can be detected and how long it persists.
Eight guinea pigs were injected with triton in the usual fashion and eight control animals were injected with an equal volume of saline. Three days before injection, 2 hours after injec-tion, and also 1, 3, 7, I0, and 14 days after injection the animals were bled by cardiac puncture. Samples of heparinized whole blood, diluted 1:2 with 0.16 u sodium chloride, were used for sonic fragility tests.
The results of this experiment are presented in Table VI . It is seen that the protective effect of triton against sonic disruption occurred earliest, and was in fact maximum, only 2 hours after injection. The effect then began to gradually wane until, at the end of 2 weeks, protection could no longer be detected.
In order to determine whether exposure of normal leucocytes to triton in vitro would also protect the cells against disruption by sonic vibration studies were done with both whole blood and monocytes collected from paraffin oil-induced peritoneal exudates. It is clear from the results shown in Table V I I that at a 0.025 per cent concentration triton is capable of partially protecting guinea pig mononuclear cells against disruption by sonic vibration.
For the study of leucocytes from whole blood, approximately 8 cc. of hepa "rmized heart blood was collected from a normal guinea pig. Aliquots (0.5 cc.) of the blood were transferred to each of 10 tubes. To duplicate control tubes was added 1.0 cc. of 0.16 ~, sodium chloride; to duplicate experimental tubes was added 1.0 cc. of 0.15 M sodium chloride cont~|nlng triton such that the final concentrations were 0.003, 0.006, 0.013, and 0.026 per cent. All tubes were incubated for 1 hour on a 37°C. water bath and sonic fragility tests were done using a 45 second exposure period.
The results of this experiment (Table VIII) show that at the lowest concentration of triton used (0.003 per cent) there was no protection of leucocytes against sonic disruption. As the concentration of detergent increased, however, there was a gradually increasing effect terminating, at 0.026 per cent triton, in essentially complete protection.
DISCUSSION
The results of the present study demonstrate that triton somehow alters sensitivity of guinea pig blood cells (erythrocytes and leucocytes) to various types of trauma. The finding that exposure to triton in vitro increases the sensitivity of guinea pig red cells to hemolysis by thermal shock was not expected. As mentioned earlier, surface-active agents chemically similar to triton, and in the same concentration range used here, have been reported to protect human red cells against hemolysis (8) . In further studies in our laboratory the red cells of only one other species, the monkey, were found to be protected against hemolysis by thermal shock; whereas red cells of the hamster, mouse, sheep, rat, and rabbit were, like those of guinea pigs, rendered more sensitive to hemolysis (11) . Lovelock (12, 13) , after a rather exhaustive study of human red cells, concluded that sensitivity to thermal shock is determined by the chemical structure of the cell membrane, specifically the ratio of cholesterol to lecithin. An increase in this ratio, either through removal of lecithin or addition of cholesterol, increases the sensitivity of the cell to thermal shock; whereas a decrease in this ratio has the opposite effect. It seems pertinent to emphasize at this point that triton WR-1339 is not hemolytic per se for normal guinea pig red cells in the concentration range used in our studies (14).
The present results extend the in dtro observations of others described previously by demonstrating that the administration of triton to guinea pigs also increases the sensitivity of their red cells to hemolysis by thermal shock. It is of interest to note, however, that the sensitivity of leucocytes to thermal shock remains unchanged. This finding was, in a sense, surprising since leucocytes obtained from guinea pigs under similar experimental conditions were significantly less sensitive to disruption by sonic vibration and lysis by acetone. It seems reasonable to believe that the mechanism of action involved in the destruction of leucocytes by acetone and by sonic vibration might be different from that responsible for lysis by thermal shock.
The fact that triton protects guinea pig leucocytes against disruption by sonic vibration appears to be firmly established by the results of our studies. However, what relationship, if any, this finding has with the therapeutic effect of triton in tuberculous guinea pigs remains to be determined. It has been shown by Mackaness (15) that when tubercle bacilli are phagocytized in dtro by monocytes obtained from rabbits or guinea pigs treated with triton WR-1339 the bacilli grow very slowly or not at all, in contrast to the free intracellular multiplication of organisms in monocytes from untreated animals. However, when triton was added to a culture of infected monocytes from untreated rabbits in concentrations from 0.025 to 0.003 per cent it had no action against the intracellular tubercle bacilli. This latter finding, coupled with the results of the present study using essentially identical experimental conditions, suggests that the protective effect of triton against disruption of monocytes by sonic vibration does not necessarily confer upon the cells the ability to suppress the growth of intracellular tubercle bacilli in ~tro. However, in view of the difficulties involved in duplicating in ~tro the conditions that prevail in ~vo, it seems premature to rule out entirely the possibility that triton suppresses experimental tuberculosis in animals through its ability to render leucocytes more resistant to certain types of trauma.
S U M~R Y
Guinea pig red cells exposed to triton WR-1339 either in ~tro or in vivo demonstrate an increased sensitivity to hemolysis by thermal shock. Although the sensitivity of guinea pig leucocytes to thermal shock remains unchanged after a single injection of triton, their resistance to disruption by acetone and by sonic vibration is increased significantly. Resistance to sonic vibration appears to be maximum within a few hours after injection and then it gradually wanes. P a r~n oil-induced peritoneal exudate cells (monocytes) and leucocytes from whole blood are rendered more resistant to disruption by sonic vibration when exposed to triton in vitro.
